Paragonimiasis is a common parasitic zoonosis in Cameroon and neighboring countries in Western Africa. Serum, sputum and faecal samples were collected in an endemic area of South West Province, Cameroon, after administration of a questionnaire to identify individuals with appropriate symptoms and histories. Microscopic examination revealed eggs in sputum from 16 people, but none in any faecal sample. These 16 were among the 25 and 26 people respectively positive by enzyme-linked immunosorbent assay (ELISA) and by immunoblot using Paragonimus africanus crude antigens. The detection of copro-DNA by polymerase chain reaction (PCR) was attempted using 23 faecal samples (18 from sputum egg-negative and 5 from sputum egg-positive individuals). The copro-DNA was detected in 4 of the 5 sputum eggpositive individuals. These results suggest that (1) serology is much more sensitive than sputum examination for diagnosis of paragonimiasis, and (2) a copro-DNA test may be more sensitive than a microscopic search for eggs in faeces. Molecular sequence data from ITS2 and cox1 genes confirmed that adult worms experimentally raised in cats were P. africanus and that eggs from sputum or other worm products from human faeces also belonged to this species. Based on these results, 26 of 168 persons (15.5%) were diagnosed as suffering from paragonimiasis.
1 These authors worked equally.
Introduction
Paragonimiasis is a parasitic disease of humans and other mammals caused by infection with adult Paragonimus spp. (lung flukes). It has been estimated that 21 million people are currently infected in Southeast Asia, South America and Africa (WHO, 1995) and 290 million people are at risk of paragonimiasis (Keiser and Utzinger, 2005) . The disease is endemic in Africa particularly in the West and Central Equatorial region (WHO, 1995; Boguikouma et al., 1997; Arene et al., 1998) . In this area, paragonimiasis and tuberculosis co-exist. The prevalence of the latter, following the spread of HIV infection, is high in Cameroon with >300 cases per 100,000
inhabitants (WHO, 2002) . As the symptoms of paragonimiasis and tuberculosis are similar, potentially leading to diagnostic confusion, it is important to differentiate between them (WHO, 1995) .
In Cameroon, epidemiological and clinical studies on paragonimiasis based on parasitological investigations and the discovery of eggs in sputa have reported prevalences from 3.0 to 9.6% (Ripert et al., 1992; Ollivier et al., 1995; Moyou and Tagni-Zukam, 2003; . However, it is very difficult to detect eggs during the pre-patent period, in singleworm infections, or in cases of extra-pulmonary paragonimiasis (including cerebral paragonimiasis). Furthermore, eggs are not found in every sputum sample, even in typical pulmonary paragonimiasis (Yokogawa, 1965; Blair et al., 2007) . Therefore, any epidemiological survey based only on egg detection will underestimate the true prevalence.
Enzyme-linked immunosorbent assay (ELISA) and immunoblot have been used for serodiagnosis of paragonimiasis in Asia and Latin America (Ikeda et al., 1996; Kong et al., 1998;  reviewed by Blair et al., 2007) . In Africa, however, there have been no studies on paragonimiasis based on immunological or molecular tools.
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This study was conducted to identify the Paragonimus species present in an endemic area in Cameroon, to compare the sensitivities of serodiagnostic and microscopic methods in diagnosis and to evaluate a copro-DNA test for the detection of parasite DNA from faeces.
Materials and Methods

Study sites
Four villages, Bulutu, Ebonji, Etam and Teke, were selected for this study. They are located in the Tombel Health District (50,000-100,000 inhabitants) in the rain forest zone about 40 km northwest of Kumba, Manengouba Department, South West Province of Cameroon (4°3'N, 9°3'W). The annual average temperature is 24°C and the relative humidity varies from 52% to 74%. Agriculture is the principal economic activity; hunting and fishing are also practiced. The study area is known to be the most endemic for paragonimiasis in Cameroon because the population of this area habitually eats crabs.
Parasite materials and preparation of Paragonimus antigens
Two cats were each experimentally infected with 40 Paragonimus metacercariae obtained from crabs (Sudanonautes africanus) collected at Bulutu. Ethics approval was granted by the National Ethics Committee of Cameroon, Yaounde, Cameroon. Two months after inoculation, flukes were recovered from the lungs of the cats under humane conditions and used for further investigations.
The frozen adult worms (0.5g) were ground in 200µl phosphate-buffered saline (PBS, pH 7.2) with a Teflon-homogenizer and centrifuged at 20,000 g for 10 min at 4 °C. The supernatants were used as crude antigens and stored at -20°C. The concentration of the antigen was estimated by using the Bicinchoninic acid (BCA) protein assay kit (Pierce Biotechnology Inc., Rockford, IL, USA). (Ritchie, 1948) . Serum samples, a small number of faecal samples (n = 23) and the parasite specimens were examined in Japan. Serum samples from healthy donors from areas endemic (10 samples) and non-endemic (9 samples) for paragonimiasis were also collected. All individuals found to have eggs in the sputum were treated with praziquantel at a dose of 3 x 25 mg/kg of body weight per day for 3 consecutive days. Serum samples from confirmed cases infected with P. westermani (n=57) and P. miyazakii (n=7) in Japan were also used.
Human samples
For evaluation of the specificity of P. africanus antigens, 68 serum samples from patients with other helminthic infections were used (Xiao et al., 2003) . These included the cases of schistosomiasis haematobium (n=10), schistosomiasis japonicum (n=10), fascioliasis (n=10), clonorchiasis (n=19), cysticercosis (n= 10) and sparganosis (n=9).
Morphological observation of the lung flukes
Adult lung flukes recovered from experimentally infected cats were originally preserved in RNAlater (Qiagen, Hilden, Germany) for RNA preparation. Some were later stained with acetocarmine for morphological observation.
Molecular identification and phylogenetic analysis of the lung flukes
DNA was extracted from adult worms using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). The internal transcribed spacer 2 region (ITS2) of ribosomal DNA was amplified by polymerase chain reaction (PCR) using a forward primer 5'-CGGTGGATCACTCGGCTCGT-3'
(3S) and a reverse primer 5'-CCTGGTTAGTTTCTTTTCCTCCGC-3' (A28) (Bowles et al, 1995; Blair et al., 1997) . A portion of the mitochondrial cytochrome c oxidase subunit 1 gene (cox1) was also amplified using a forward primer 5'-TGGTTTTTTGTGCATCCTGAGGTTTA-3' (pr-a) and a reverse primer 5'-AGAAAGAACGTAATGAAAATGAGCAAC-3' (pr-b) (Okamoto et al., 1995) . DNA sequencing was carried out using an ABI PRISM BigDye Terminator v 3.1 Cycle Sequencing Ready Reaction Kit and an ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).
DNA sequence data were aligned using the CLUSTAL W computer program (Thompson et al., 1994) . Pairwise evolutionary distances were computed by Kimura's two-parameter method (Kimura, 1980) and the phylogenetic tree was constructed by the neighbor-joining method (Saitou and Nei, 1987) implemented in MEGA version 3.1 (Kumar et al., 2004 ).
Detection of Paragonimus DNA in faeces of paragonimiasis patients
DNA was extracted from 23 human faecal samples using a QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany): 5 (code ET56, T76, T86, T92, E20 in Table 1 ) were from individuals who were both sputum egg-positive and sero-positive and 18 were from egg-negative individuals.
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Among the egg-negative samples, 2 (B07, B08 in Table 1 ) and 16 (not included in Table 1) were sero-positive and sero-negative, respectively. PCR-amplification and DNA sequencing of ITS2
and cox1 genes was performed according to the above-mentioned methods.
Serodiagnosis
Crude adult antigens from P. africanus, P. westermani and P. miyazakii were used for both ELISA and immunoblots. ELISA was performed on 168 samples as reported in previous studies on paragonimiasis (Ikeda et al., 1996; Kong et al., 1998) with slight modifications. Briefly, 96-well microtiter plates (Maxisorp; Nunc, Roskilde, Denmark) were coated with each of the crude antigens at a concentration of 5µg/ml of protein in phosphate buffer saline (PBS) and incubated at 4°C overnight. The microtiter plates were probed with 1:200-diluted human serum samples in blocking buffer. Peroxidase-conjugated rec-Protein G (Zymed, San Francisco, USA) diluted in 1:4,000 was added into each well. Peroxidase activity was revealed by adding 0.4 mM 2,2-azinobis 3 ethylbenz-thiazoline-6-sulphonic acid in 0.1 M sodium citrate buffer, pH 4.7, containing 0.003% H 2 O 2 at room temperature (RT). The optical density (OD) was monitored at 405 nm on a microplate reader (ImmunoMini, model NJ-2300; Nalgene Nunc International, Tokyo Japan).
The cut-off value was calculated for each antigen based on the means of pooled serum samples from healthy donors.
An immunoblot assay was performed (on 64 samples including all samples positive or borderline by ELISA and samples lying just below the ELISA cut-off value) as described previously Kong et al., 1998) with modifications. The antigens (80µg/mini slab gel) from P. africanus, P. westermani and P. miyazakii were separated on 15% polyacrylamide gels containing 0.4 % SDS and electrotransferred onto an Immobilon-P transfer membrane (pore size 0.45 µm, Millipore, Tokyo, Japan) overnight. The membrane was cut into strips and probed with 1:50-diluted human serum in blocking buffer at RT for 1h. The strips were incubated for 1h in 1:1000-diluted peroxidase-conjugated rec-Protein G. The substrate, 4-chloro-1-naphtol (Nacalai Tesque, Tokyo, Japan) was added for color development. The reaction was stopped with excess distilled water.
In order to evaluate the specificity of P. africanus antigens, ELISA and immunoblot were performed using serum samples from patients with other helminthic infections described above (Xiao et al., 2003) .
Results
Morphological and molecular identification of the Paragonimus species used for antigen preparation.
The morphology of immature and mature lung flukes obtained from experimentally infected cats was observed using aceto-carmine stained specimens. It was difficult to confirm critical morphological differences between P. africanus and other species due to poor initial preservation of the specimens in RNAlater. However, 5 uterine eggs from 5 adult worms averaged about 90 μm in length (data not shown), a size typical of P. africanus.
Unambiguous sequences of 445bp spanning the ITS2 region were obtained from three adult worms. Two individuals had identical sequences (DDBJ/EMBL/GenBank accession no. AB298779) that differed at two nucleotide positions from the third sequence (accession no. AB298780). The last was identical with the ITS2 region from P. africanus (Blair et al., unpublished data). The phylogenetic tree of Paragonimus spp. (including Euparagonimus), inferred from ITS2 sequences showed that our newly acquired sequences clustered unambiguously with P. africanus (data not shown). Unambiguous sequences of 391bp of the cox1 gene were also obtained from adult worms. Again, two individuals had identical sequences but the third was slightly different (99.3% similarity). All differences in the cox1 sequences were synonymous substitutions, supporting the view that all came from the same species. Figure 1 showed the results of copro-DNA test. Of 23 faecal samples examined, the ITS2 region and partial cox1 gene could be amplified from 4 samples from sero-positive individuals with eggs in their sputum (lanes 3, 5, 6, and 7 in Figure 1 ). The ITS2 and cox1 sequences of all the four were identical with those of P. africanus (data not shown). The faecal sample of one serologically positive individual with eggs in the sputum failed to yield amplifiable copro-DNA (lane 4 in Figure 1 and code ET56 in Table 1 ).
Molecular diagnosis
Serological, parasitological and clinical evaluation
The results of ELISA using P. africanus antigens were illustrated in Figure 2 . Of 168 serum samples examined, 25 (14.8%) were sero-positive and additional 4 samples were regarded as borderline. Figure 3 showed immunoblot patterns of P. africanus, P. westermani and P.
miyazakii antigens with serum samples from confirmed single-infection cases. All the sera crossreacted with the antigens of the three species, although the serum of P. miyazakii cases appeared to be relatively weakly immunoreactive. The antigens from Japanese P. westermani and P.
miyazakii provided similar results in ELISA and immunoblot with the Cameroon serum samples.
Similarly, serum samples from confirmed P. westermani and P. miyazakii cases in Japan showed very similar results in both ELISA and immunoblot using crude antigens of P. africanus (data not The parasitological, clinical and serological data of the people diagnosed as suffering from paragonimiasis were summarized in Table 1 . The people enrolled in this study (78 males and 90 females) suffered from cough (80.3%), haemoptysis (11.3%), chest pain (47.6%), epilepsy (8.3%) and headache (63.0%). They ranged in age from 4 to 78 years (15.2 ± 8.2 years in males and 12.9 ± 5.9 years in females). All the immunoblot-positive patients had histories of eating raw or undercooked crabs and were suffering from cough (Table 1) . No Paragonimus eggs were detected microscopically in any faecal samples using the formalin-ether concentration method.
According to these results, 26 (15.5%) persons were diagnosed as positive for paragonimiasis.
Paragonimiasis cases were confirmed from all four villages. Seroprevalence differed greatly among the four villages: 25.0% (7/28, Bulutu), 7.6% (4/52, Ebonji), 16.3% (9/55, Etam) and 18.1% (6/33, Teke).
Discussion
We reported the results of a survey for paragonimiasis in South West Province, Cameroon, and the identity of the causative species based on molecular sequences. Of 168 persons with appropriate symptoms and a history of eating raw or undercooked crabs, 26 (15.5%) were seropositive for paragonimiasis, all but one both by ELISA and immunoblot. Among these seropositive individuals, 16 were found to have eggs in their sputum. Four (of five tested) of these were positive for copro-DNA by using PCR. It is known that P. africanus, P. uterobilateralis P.
westermani-like and Euparagonimus sp. occur in Cameroon (Voelker and Sachs, 1977; Cabaret et al., 1999) . However, P. africanus is the only species confirmed from humans in Cameroon so far and our molecular analyses are in agreement with that.
Serology had much higher sensitivity for diagnosis of African paragonimiasis (26 positive) than did examination of sputum for eggs (16 positive). This is in agreement with findings from other parts of the world (Toscano et al., 1995; Kong et al., 1998) . Examination of faeces for eggs is the least sensitive method (Yokogawa, 1965) . Our examination failed to detect eggs in any of the faecal samples, although the copro-DNA approach did detect DNA from eggs or other products of lungworms in four of five individuals with eggs in their sputum. Failure in this one case could be because some people do not swallow sputum. Similar methods to detect copro-DNA have been developed for schistosomiasis (Gobert et al., 2005) and cestode infections (Yamasaki et al., 2004; Mathis and Deplazes, 2006) . Intapan and others (2005) have demonstrated that the approach is effective in diagnosing P. heterotremus in cats. We speculate that PCR using DNA from sputum might prove to be an ideal tool for detection of pulmonary paragonimiasis cases, since sputum might contain products of developing lung flukes that might allow detection of pre-patent cases.
The antigens of three Paragonimus species reacted with serum samples from Cameroon and from Japan, exhibiting very similar sensitivity and specificity by ELISA and immunoblot.
The three species showed similar immunoblot patterns with four major bands. Among them, both 33 and 35 kDa bands were recognized most strongly by sera showing OD values higher than 0.4 by ELISA. Similar 33 and 35 kDa proteins in crude antigens of P. westermani adults were shown to elicit the most specific and strongest reactions with IgG4 of paragonimiasis patients from the early stage to chronic infection . Clearly, it is difficult to differentiate the Paragonimus species by immunoblot. The immunodominant antigens with utility for serodiagnosis of paragonimiasis appear to be genus specific .
To our knowledge, this is the first report confirming paragonimiasis in humans using a copro-DNA test. This approach should be evaluated further using more faecal samples and highly specific and sensitive primers (Intapan et al., 2005) . Serology, the copro-DNA test and detection of eggs in sputum (or faeces) are essential for differentiation of paragonimiasis from other diseases. Of the 168 symptomatic people we evaluated, 26 were confirmed as paragonimiasis cases. The sero-negative persons should be followed-up to exclude tuberculosis or other diseases. A previous study conducted in the same area failed to find any tuberculosis cases among those enrolled . Individual No. 72 in Table 1 is interesting, since he was sero-positive but eggs were not found in his sputum. His reported history of epilepsy might indicate a case of cerebral rather than pulmonary paragonimiasis. Further studies using modern tools are necessary to understand the epidemiology of paragonimiasis in Cameroon and other African countries. africanus from an experimentally infected cat; lanes 3-7 (E20, ET56, T92, T86, T76), copro-DNA from sputum egg-positive patients (Table 1 ). An additional 18 samples from sputum eggnegative individuals, including 2 sero-positive and 16 sero-negative individuals, were PCRnegative (not shown). 
